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FiplH of the Invention 

The present invention relates to integrated resistors. It more specifically relates to 

resistors made of polysilicon in an integrated circuit. 

10 Discussion of the Rel ated Art 

Fig. 1 shows in a very simplified partial perspective view an example of a 
polysilicon resistor of the type to which the present invention applies. 

Such a resistor 1 is formed of a polysilicon track (also called a bar) obtained by 
etching a layer deposited on an insulating substrate 2. Substrate 2 is indifferently formed 
IS of the integrated circuit substrate or is formed of an insulating layer forming an insulating 
substrate or the like for resistor 1. Resistor 1 is connected, by its two ends, to conductive 
tracks (for example, metal tracks) 3 and 4 intended to connect the resistive bar to the 
other integrated circuit elements according to the application. The simplified 
representation of Fig. 1 makes no reference to the different insulating and conductive 
20 layers generally forming the integrated circuit. To simplify, only resistive bar 1 laid on 
insulating substrate 2 and in contact, by the ends of its upper surface, with the two metal 
tracks 3 and 4, has been shown. In practice, the connections of resistive element 1 to the 
other integrated circuit components are obtained by wider polysilicon tracks starting from 
the ends of bar 1 in the alignment thereof. In other words, resistive element 1 is 
25 generally formed by making a section of a polysilicon track narrower than the rest of the 
track. 

Resistance R of element 1 is given by the following formula: 
R= p(L/s), 

where p designates the resistivity of the material (polysilicon, possibly doped) 
30 forming the track in which element 1 is etched, where L designates the length of element 
1, and where s designates its section, that is, its width 1 multiplied by its thickness e. 
Resistivity p of element 1 depends, among others, on the possible doping of the 
polysilicon forming it. In certain cases, the polysilicon element is covered with a metal 
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layer, the resistive element then combining the polysilicon and the overlying metal. 

Most often, upon forming of an integrated circuit, the resistors are provided by 
referring to a notion of so-called square resistance R Q . This square resistance defines as 
being the resistivity of the material divided by the thickness with which it is deposited. 
Taking the above relation giving the resistance of an element 1, the resistance is thus 
given by the following relation: 



20 



R = R D *L/1. 



Quotient L/l corresponds to what is called the number of squares forming 
resistive element 1. This represents, as seen from above, the number of squares of given 
10 dimension depending on the technology put side by side to form element 1 . 

The value of the polysilicon resistor is thus defined, upon manufacturing, based 
on the above parameters, resulting in so-called nominal resistivities and resistances. 
Generally, thickness e of the polysilicon is set by other manufacturing parameters of the 
integrated circuit. For example, this thickness is set by the thickness desired for the gates 
15 of the integrated circuit MOS transistors. 

In recent technologies, the use of polysilicon resistors is limited to resistors meant 
to be run through, in operation, by currents smaller than 100 uA. For greater currents, a 
diffusion resistor is generally used. Polysilicon is however preferred to a dopant 
diffusion, since the occurrence of stray capacitances with the substrate is avoided. 

To irreversibly decrease the value of a polysilicon resistor, a so-called constraint 
current is temporarily imposed, for which the resistance crosses a maximum value, this 
current being beyond the normal operating current range of this resistance. In other 
words, the polysilicon resistivity in the operating current range is decreased, in stable and 
irreversible fashion, by imposing in the corresponding resistive element the flowing of a 
25 current beyond the operating current range. 

The current used to decrease the resistance is, conversely to a fusible element, 
non-destructive for the polysilicon element. 

Fig. 2 illustrates, with a curve network giving the resistance of a polysilicon 
element of the type shown in Fig. 1 according to the current flowing therethrough, the 
30 way of decreasing the resistance of this element. 

It is assumed that the polysilicon having been used to manufacture resistive 
element 1 exhibits a nominal resistivity giving element 1, for the given dimensions 1, L, 
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and e, a resistance R„ 0 m. This nominal (original) value of the resistance corresponds to 
the value taken in a stable manner by resistive element 1 in the operating current range of 
the system, that is, generally, for currents smaller than 100 uA. 

To decrease the resistance and to switch in an irreversible and stable manner, for 
example, to a value Rl smaller than R nom , a so-called constraint current (for example, II), 
greater than a current Im for which the value of resistance R of element 1 is maximum 
without for all this being infinite, is imposed across resistive element 1. As illustrated in 
Fig. 2, once current II has been applied to resistive element 1, a stable resistance of value 
Rl is obtained in range Al of operating currents of the integrated circuit. In fact, curve 
Snom of the resistance according to the current is stable for relatively low currents 
(smaller than 100 uA). This curve starts increasing for substantially higher currents on 
the order of a few milliamperes, or even more (range A2). In this current range, curve 
S nom crosses a maximum for value Im. The resistance then progressively decreases. In 
Fig. 2, a third range A3 of currents corresponding to the range generally used to make 
fuses has been illustrated. These are currents on the order of one tenth of an ampere 
where the resistance starts abruptly increasing to become infinite. Accordingly, it can be 
considered that the present invention uses intermediary range A2 of currents between 
operating range Al and destructive range A3, to irreversibly decrease the resistance or 
more specifically the resistivity of the polysilicon element. 

Indeed, once the maximum of curve S n om of the resistivity according to the 
current has been passed, the value taken by the resistance in the operating current range is 
smaller than value R nom . The new value, for example, Rl, depends on the higher value of 
the current (here, II) which has been applied during the irreversible current phase. It 
should indeed be noted that the irreversible decrease performed by the present invention 
25 occurs in a specific programming phase, outside of the normal read operating mode 
(range Al) of the integrated circuit, that is, outside of the normal resistor operation. 

Once the value of the polysilicon resistor has been lowered to a lower value (for 
example, Rl in Fig. 2), an irreversible decrease in this value may further be 
implemented. It is enough, to achieve this, to exceed maximum current II of the new 
30 curve SI of the resistance according to the current. For example, the current value may 
be increased to reach a value 12. When the current is then decreased again, a value R2 is 
obtained for the resistor in its normal operating range. The value of R2 is smaller than 
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value Rl and, of course, than value R n om- 

It can be seen that all the curves of the resistance according to the current join on 
the decrease slope of the resistance value, after having crossed the maximum of the 
curve. Thus, for a given resistive element (p, L, s), currents II, 12, etc. which must be 
reached, to switch to a smaller resistance value, are independent from the value of the 
resistance (R nom , Rl, R2) from which the decrease is caused. 

What has been expressed hereabove as the resistance value actually corresponds 
to a decrease in the resistivity of the polysilicon forming the resistive element. The 
present inventors consider that the crystalline polysilicon structure is modified in a stable 
manner and that, in a way, the materia, is reflowed, the obtained final crystalline 
structure depending on the maximum current reached. In fact, the constraint current 
causes a temperature rise of the silicon element, which causes its flowing. 

Of course, it will be ascertained not to exceed programming current range A2 (on 
the order of a few milliamperes) to avoid destroying the polysilicon resistor. This 
precaution will pose no problem in practice since the use of polysilicon to form a fuse 
requires much higher currents (on the order of one tenth of an ampere) wh.ch are not 
available once the circuit has been made. 

The practical forming of a polysilicon resistor according to the present invention 
does not differ from the forming of a conventional resistor. Starting from an insulating 
substrate, a polysilicon layer is deposited and etched according to the dimensions des.red 
for the resistor. Since the deposited polysilicon thickness is generally determmed by 
technology, the two dimensions which can be adjusted are the width and the length. 
Generally, an insulator is redeposited on the polysilicon bar thus obtained. In the case of 
an on-line interconnection, width 1 will have been modified with respect to the w.der 
access tracks to be more strongly conductive. In the case of an access to the ends of the 
bar from the top as shown in Fig. 1, vias will be made in the overlying insulator (not 
shown) of the polysilicon bar to connect contact metal tracks 3 and 4. 

In practice, to have the highest resistance adjustment capacity with a minimum 
constraint current, a minimum thickness and a minimum width will be desired to be used 
» for the resistive elements. In this case, only length L conditions the nominal value of the 
resistance once the polysilicon structure has been set. The possible polysilicon dopmg, 
whatever its type, does not hinder the implementation of the present invention. The only 
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difference linked to the doping is the nominal resistivity before constraint and the 
resistivities obtained for given constraint currents. In other words, for an element of 
given dimensions, this conditions the starting point of the resistance value, and 
accordingly the resistance values obtained for given constraint currents, 
i To switch from the nominal value to a lower resistance or resistivity value, 

several methods may be used according to the present invention. 

For example, the current is progressively (step by step) increased in the resistor. 
After each application of a higher current, it is returned to the operating current range and 
the resistance value is measured. As long as current point Im has not been reached, this 
o resistance value will remain at value R nom . As soon as current point Im has been 
exceeded, there is a curve change (curve S) and the measured value when back to the 
operating currents becomes a value smaller than value R nom . If this new value is 
satisfactory, the process ends here. If not, higher currents are reapplied to exceed the 
new maximum value of the current curve. In this case, it is not necessary to start from 
,5 the minimum currents again as when starting from the nominal resistance. Indeed, the 
value of the current for which the resistance will decrease again is necessarily greater 
than the value of constraint current II applied to pass onto the current curve. The 
determination of the pitch to be applied is within the abilities of those skilled in the art 
and is not critical in that it essentially conditions the number of possible decreases. The 
20 higher the pitch, the higher the jumps between values will be. 

According to another preferred example, the different currents to be applied to 
pass from the different resistance values to smaller values are predetermined, for 
example, by measurements. This predetermination of course takes into account the 
nature of the polysilicon used as well as, preferentially, the square resistance, that is, the 
25 resistivity of the material and the thickness with which it is deposited. Indeed, since the 
curves illustrated by Fig. 2 may also be read as the curves of the square resistance, the 
calculated values may be transposed to the different resistors of an integrated circuit 
defined by the widths and lengths of the resistive sections. According to this second 
embodiment, the value of the constraint current to be applied to the resistive element to 
30 decrease its value in an irreversible and stable manner can then be predetermined. 

The curve change, that is, the decrease in the resistance value in normal operation 
is almost immediate as soon as the corresponding constraint current is applied. "Almost 
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immediate" means a duration of a few tens or even hundreds of microseconds which are 
sufficient to apply the corresponding constraint to the polysilicon bar and decrease the 
value of its resistance. This empirical value depends on the (physical) size of the bar. A 
duration of a few milliseconds may be chosen for security. Further, it can be considered 
5 that once the minimum duration has been reached, no additional duration of application 
of the constraint current modifies, at least at the first order, the obtained resistance. 
Moreover, even if in a specific application, it is considered that the influence of the 
duration of application of the constraint cannot be neglected, the two methods are 
perfectly compatible with the taking into account of the duration of application of the 
10 constraint. 

Summary of the invention 
The present invention aims at providing an integrated polysilicon resistive 
element programmable to irreversibly decrease the value of the resistance, with respect to 
1 5 its original value (nominal value after manufacturing). 

The present invention more specifically aims at providing a solution which does 
not require applying across the resistive element, to apply a constraint current, a voltage 
greater than the operating voltage of this element. 

To achieve these and other objects, the present invention provides a resistive 
20 element controllable to irreversibly decrease its value, comprising: 

several polysilicon resistors associated in series between two input/output 
terminals of the resistive element; and 

an assembly of switches, connected to turn the series association into a parallel 
association of said resistors between two programming terminals intended to receive a 

25 supply voltage. 

According to an embodiment of the present invention, said switch assembly 
comprises one more switch than the resistive element comprises resistors, one of the 
switches connecting one of said input/output terminals to one of said programming 
terminals. 

30 According to an embodiment of the present invention, said switches are formed 

of MOS transistors with a number of N-channel transistors greater by one than the 
number of P-channel transistors. 



According to an embodiment of the present invention, said switch assembly 
comprises as many switches as the resistive element comprises resistors, one of said 
input/output terminals being confounded with one of said programming resistors. 

According to an embodiment of the present invention, said switches are formed 
of MOS transistors distributed half and half between P-channel transistors and N-channel 
transistors. 

According to an embodiment of the present invention, each interconnection point 
between two resistors is connected to a first terminal of a switch of the assembly, the 
second terminal of which is connected to one of said programming terminals. 

According to an embodiment of the present invention, each the resistors has an 

identical nominal value. 

According to an embodiment of the present invention, said programming is 
performed by imposing in each of the resistors a constraint current greater than a current 
for which the value of this resistance exhibits a maximum. 

According to an embodiment of the present invention, said constraint current 
stands beyond an operating current range of the resistive element when the resistors are 
in series. 

The foregoing objects, features, and advantages of the present invention will be 
discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1, previously described, partially and very schematically shows an example 
of a resistive polysilicon element of the type to which the present invention applies; 

Fig. 2, previously described, illustrates, in a curve network representing the value 
of the resistance versus the current in a polysilicon element, the implementation of the 
method of irreversible decrease of the value of a resistor according to the present 
invention; 

Fig. 3 shows a first embodiment of a resistive element controllable to irreversibly 
decrease its value according to the present invention; 

Figs. 4A and 4B illustrate the operation of the resistive element of Fig. 3; and 
Fig. 5 shows an example of application of a resistive element according to the 
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present invention to the forming of a memory cell. 

Detailed Description 
Same elements have been designated with same reference numerals in the 
5 different drawings. For clarity, only those method steps and those elements of the device 
that are necessary to the understanding of the present invention have been shown in the 
drawings and will be described hereafter. In particular, the practical forming of resistive 
polysilicon sections by deposition and etch has not been detailed, the present invention 
being implementable by conventional manufacturing techniques. 
10 Fig. 3 shows an embodiment of a resistive element according to the present 

invention. 

This element 10 is formed of a series association of, for example, four resistors 
Rpl to Rp4 each formed of a polysilicon section such as illustrated in Fig. 1. Resistors 
Rpl to Rp4 are series-associated between two input/output terminals 11 and 12 of 

15 resistive element 10. The value of the resistive element thus corresponds to the sum of 
the individual values of resistors Rpl and Rp4. 

To ensure the programming of resistive element 10, it is provided to transform 
the series association of resistors Rpl to Rp4 between terminals 1 1 and 12 into a parallel 
association of these resistors between terminals 13 and 14 between which a supply 

20 voltage will be applied. The fact of placing these resistors in parallel enables that by 
applying a supply voltage identical to the voltage applied for the normal operation, the 
current in each of the resistors is much higher. In the example of four resistors of 
identical nominal values, this current is multiplied by four for a same supply voltage as 
that which would be applied between terminals 1 1 and 12 in the series association. 

25 This operation will be illustrated in Figs. 4A and 4B which respectively show the 

resistive element of the present invention upon normal operation and in a programming 
of its value. In Fig. 4A, resistors Rpl to Rp4 are in series between terminals 1 1 and 12 
while in Fig. 4B, these same resistors are in parallel between terminals 13 and 14. 

One of the terminals (for example, 12) of the series association may be 

30 confounded with one of the terminals (for example, 14) of the parallel association, 
especially if resistor 10 is directly connected to a supply terminal in its application 
environment (in series). However, the present invention will be described by taking as 
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an example a more general case (and in practice, more frequent) where the terminals of 
the series association are separate from the terminals of the parallel association. 

In the example of Fig. 3, the series-to-parallel configuration change is obtained by 
means of five switches (for example, MOS transistors). A first MOS transistor MN1 
connects terminal 1 1 to terminal 14. A first P-channel transistor MP2 connects junction 
point 15 of resistors Rpl and R P 2 to terminal 13. A third N-channel transistor MN3 
connects junction point 16 of resistors Rp2 and Rp3 to terminal 14. A fourth P-channel 
transistor MP4 connects junction point 17 of resistors Rp3 and Rp4 to terminal 13. 
Finally, a fifth N-channel transistor MN5 connects terminals 12 and 14. 

The respective gates of transistors MN1, MN3, and MN5 receive a signal WR 
active in the high state to set points 11, 16, and 12 to the voltage of terminal 14. 
Transistors MP2 and MP4 are controlled by a reverse signal NWR active in the low state 
to place points 15 and 17 to the voltage of terminal 13. These connections are of course 
performed by neglecting the voltage drops in the on-state switches. 

An advantage of the present invention is that it requires no programming voltage 
greater than the voltages available for the operating circuit to program the resistive 
element to irreversibly decrease its value. It is in particular not necessary to size 
programming switches to hold voltages greater than the normal operating voltages. 

Of course, other connection schemes may be provided. For example, three P- 
channel transistors and two N-channel transistors may be used. However, minimizing 
the number of P-channel transistors is preferable for bulk reasons. Further, the end 
terminals connected to each other by a transistor may be terminals 1 1 and 13 instead of 
terminals 12 and 14, points 15 and 17 being then connectable to terminal 14 and points 
16 and 12 being connectable to terminal 13. 

Fig. 5 very schematically shows a resistive element 10 such as shown in Fig. 3 in 
an applicative environment. Assume a supply voltage applied between terminals 21 and 
22 at potentials V+ and V-. In normal operation, resistive element 10 is connected, for 
example, in series, between two loads 23 (APPL1) and 24 (APPL2) representing any 
application, between terminals 21 and 22. Optionally, a single load 23 or 24 is actually 
connected, for example, if resistor 10 is directly connected to one of supply terminals 21 
and 22. A control circuit 25 (CTRL) is supplied with the voltage (V+, V-). Circuit 25 
generates signals WR and NWR for resistive element 10 to place it, on request, in a 
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programming configuration. 

As an alternative, the resistive element may of course be connected in a parallel 
assembly, the adaptation being within the abilities of those skilled in the art based on the 
functional indications given in relation with Fig. 5. 
5 An example of application of the present invention concerns the forming of a 

memory cell programmable only once by irreversible decrease in the resistance value. 
Such a memory cell then comprises a resistive element 10 according to the present 
invention appropriately connected to be read by either an amplifier associated with a 
voltage reference, or a differential structure. Resistive element 10 of the present 
10 invention then connects like a resistive element used as a fuse. 

Preferably, the polysilicon forming the resistive elements of the present invention 
is not submitted to a metal deposition conventionally used to decrease the resistance of 
MOS transistor gates. 

Of course, the present invention is likely to have various alterations, 
15 modifications, and improvements which will readily occur to those skilled in the art. In 
particular, the sizing of the polysilicon resistors to obtain a nominal value depends on the 
application and is within the abilities of those skilled in the art based on the functional 
indications given hereabove. 

Further, other applications and control circuits than those discussed hereabove as 
20 an example may be considered. In particular, the control of the decrease in the resistance 
value performed according to the present invention may be voluntary or automated 
according to applications. 

Further, the number of controllable resistors usable in an integrated circuit is not 
limited. They may even, if desired, share a same control circuit. The number of switches 
25 is at least equal to the number of resistors and preferably corresponds to the number of 
resistors plus one. 

Although the control circuit is preferentially integrated with the resistor, which 
especially eases the method implementation during the resistor lifetime, it is not excluded 
to use a separate circuit to force the constraint current in the resistor. On this regard, the 
30 voltage or current constraint values to implement the present invention are within the 
abilities of those skilled in the art based on the functional indications given hereabove. 

Finally, the even or odd number of programmable resistors associated in series to 



form an eiement according to .he present invention nray be any number. The higher this 
nombcr, the greater the constrain, corren, applied in a prograntnting phase w,U be for . 
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dis c,osote, and are intended to be within the spirit and the scope of the presen. — 
According .he foregoing description is by way of exampie oniy and ,s no. 
be limiting The presen. invention is iintited oniy as defined in the foHow.ng Cam* and 
the equivalents thereto. 

What is claimed is: 



